In this paper, we proposed a dictionary extension and a ternary decomposition technique to improve the effectiveness of Khmer word segmentation. Most word segmentation approaches depend on a dictionary. However, the dictionary being used is not fully reliable and cannot cover all the words of the Khmer language.
Introduction
In the Natural Language Processing (NLP) fields, word segmentation is actively studied by many researchers. It has been used in several areas, including information retrieval, information extraction, part-of-speech tagging, machine translation, and other areas related to NLP.
Just like other natural languages, particularly
Asian languages, Khmer NLP also has a number of issues related to word segmentation, including ambiguity, unknown words identification, and a lack of resources.
There has not been much research done on the topic of word segmentation for Khmer. Seng Channa Van et al. [2010] claimed that the most common approach in word segmentation is a lexicon-based one, where the longest matching algorithm or the maximum matching algorithm was used. The accuracy of this approach totally depends on a dictionary or word list which cannot cover all the words of a language. This cir- In this paper, we demonstrated the effectiveness of the Khmer dictionary on Khmer word segmentation. We proposed a new Khmer word segmentation algorithm using the ternary decomposition technique and Khmer dictionary extension. In section 2, we will overview Khmer language and Chuon Nath Dictionary. In section 3, we will review the details concerning the previous segmentation approaches mentioned earlier.
In section 4, the proposed approach is presented, and including the details for the segmentation algorithm and dictionary extension. Section 5 describes the experimental setup and displays the results. Finally, we conclude our study and describe the future work related to this research in section 6.
Khmer Language Overview

Khmer Language
Khmer is the official language of Cambodia spoken by over 15 These independent vowels are capable to spell with/without a consonant. For example, Khmer Grammar written by [Khin, 2007] and [Huffman, 2010] give the details of Khmer language.
Nowadays, computers all around the world understand Khmer language when typed using Accordingly, the precision's rate of all the segmentation approaches mentioned above will be able to be increased, too, if the number of words in the dictionary is increased. Likewise, the unknown word identification problem is less worrying.
As in the description above, the needs of a reliable dictionary are very essential and necessary in most word segmentation and many other NLP research fields.
Problems in Khmer Word Segmentation
Text segmentation is a fundamental task in Natural Language Processing (NLP). Many NLP applications require the input text segmented into words before making further progress, because the word is considered the basic semantic unit in natural languages [Seng et al., 2010] .
Identifying a word is trivial in English, because it uses word delimiters; so it is easier to segment which means the string with the same pronunciation has the same expression.
Bigram Model
Bigram model is used in the disambiguation module to decide the most appropriate segmentation among the list of the candidates. The main idea is to assume that the next word can be predicted given the previous word. Therefore, the probability function is as followed :
For example, given the Bigram probabilities table shown in <Table 1>, the probability of the sequence "I have dinner" is : 
Proposed Approach
A dictionary has a unique and important role in getting high accuracy in word segmentation.
In general, most of the word segmentation systems depend on a dictionary. The bigger the dictionary size is, the higher the precision of the word segmentation is achieved. However, the dictionary, which is usually used for Khmer word segmentation is not enough to cover the words in Khmer language. For this reason, increasing the number of words in the dictionary will help make the word segmentation more accurate. Therefore, the goal of our research is to extract new words from formal Khmer texts and insert those words into the Khmer dictionary [Khin, 2007] in order to achieve higher accuracy in Khmer word segmentation.
We propose a new Khmer word segmentation algorithm using the ternary decomposition technique and a Khmer dictionary extension. Here, we extract the new words from Khmer formal <Figure 7> illustrates our proposed approach.
In the Initialization, the text corpus is split by symbols and white spaces and invisible spaces (char\u200B, invisible space is introduced in training section only); and the word segmentation process is started using the longest word matching algorithm based on the dictionary.
Then, ternary decomposition is used. The detail of the decomposition is described in section 4.2.
The new word extraction finds the words which are identified as unknown words, and sets those words as new words; and inserts the new words in to the dictionary. As the dictionary has been extended, we use the extended dictionary and our segmentation algorithm to test an unannotated text and then we acquire the segmented words as a result.
Initialization
Khmer Formal Texts
Before the process of the initialization of seg- 
Decomposition
In 
New Word Extraction
New Word Extraction is the process of identi- 
Extended Dictionary
An extended dictionary is our proposed resolution. We chose the Chuon Nath Dictionary for the extension work. The Chuon Nath Dictionary has 18,947 entries with 17,664 head words, which means each word may have multiple entries or definitions. The total word count in the dictionary is 1,312,732 words.
1,312,732 words seem to be a lot of words, but it doesn't mean that they are helpful for users or researchers. As mentioned above, there are only 17,664 head words (stem words) in the dictionary; which means when users attempts to search for a word(s), they can only find the head head word. For example, 4) etc. We cannot find these words in the Chuon Nath Dictionary. If we segment the text contained all these words based on Chuon Nath Dictionary, all these words will be separated into different words or wrong attempted words : Therefore, in this paper, the Chuon Nath Dictionary is proposed to be extended in order to get higher precision in Khmer word segmentation and make the Khmer dictionary more reliable.
However, in the current approach, we are not working on how to collect and apply definition to each new word that we have found in the extended dictionary. Although, part-of-speech tagging processing is being studied, but due to the time limitation, we have decided to apply a part-of-speech tagging process in our future work.
Here, we have four functions in our algorithm code : For example, given previous/current new words :
{abcde, ab, cd, e, abc} ▪"abcde" contains : "ab", "cd" and "e" ▪"abcde" is removed by the method ▪"abc" contains only : "ab"
▪So "abc" isn't removed by the method New words to be added into extended dictionary are abc, ab, cd, and e. In addition, to avoid unintended problems in future research,
we have flagged all new words that have been found as temporary in our programming. Finally, we achieve our purpose in either dictionary extension or word segmentation. Furthermore, we use our extended dictionary for word segmentation tests. We use preprocessing and decomposition methods to test word segmentation on an unannotated text based on our extended dictionary. <Figure 9> shows an example of ternary decomposition.
Experiment
Experimental Setup
To make a formal text as a training corpus, 
Experimental Results
Using the Khmer formal corpus of 22,726 tokens, we achieved 1.39% of new words which do not exist in the dictionary. We can assume that the bigger the size of the corpus, the more new wordsare possible to find. Using the extended wordlist resulting from our extension process, we segmented a test text which has 6832 tokens; and our algorithm produced higher accuracy rates compared to PAN and Baseline (the trainable rule based).
<Table 3> shows the results of precision, recall and F-Measure of Khmer word segmentation. Our approach outperforms PAN and Baseline's results remarkably.
Discussion
According to the result of our experiment, the segmentation achieved an unexpectedly higher performance and had a greater performance compared to other previous research such as the PAN and Rule based approaches. However, what makes the segmentation achieve this high rate of accuracy is not based on the extended dictionary alone, but because of decomposition of splitting symbols, white spaces, and the participation of the invisible spaces hidden in the Khmer texts which was used in the training section and the ternary decomposition.
To extend the dictionary, we need a larger corpus in order to generate more new words and the texts corpus that are found must be qualified as formal texts. Likewise, the dictionary extension can be applied to not only be used with our word segmentation algorithm, but other segmentation approaches as well. Since the other approaches use wordlist based on the Chuon Nath Dictionary, they can also use our dictionary extension based method as well to gain the higher performance.
Conclusion
In this paper, we demonstrated on the effectiveness of Khmer word segmentation based on dictionary extension. We proposed a new Khmer word segmentation algorithm using the ternary decomposition technique and Khmer dictionary extension. In our work, we required the formal texts which do not have any word, grammar or spelling mistakes. In order that all the unknown words that can't be looked up in the dictionary can be extracted and set as new words and inserted into the extended dictionary.
Also, we have introduced the invisible space in the latest Khmer Unicode Keyboard which is a large contribution for Khmer word segmentation. We have used invisible space to help segment the training corpus in our training section.
Khmer word segmentation can be more accurate as the extended dictionary is increased. The experimental results show that our proposed approach can achieve significantly better accuracy rates in Khmer word segmentation. Having a dictionary extended is not only useful for segmentation work, but also other Khmer NLP research fields such as information retrieval, information extraction, translate machine, and etc.
